The development of superior cervical ganglion cells has been studied in the fetal rat. Sympathetic cells appear first in thoracic sites and, one day later, in cervical sites; localized proliferation among these cells gives rise to the superior cervical and stellate ganglia.
Abstract
The development of superior cervical ganglion cells has been studied in the fetal rat. Sympathetic cells appear first in thoracic sites and, one day later, in cervical sites; localized proliferation among these cells gives rise to the superior cervical and stellate ganglia.
The maturation of superior cervical ganglion cells was examined by staining these neurons with horseradish peroxidase in fetal preparations maintained in vitro. This method showed that cells begin to extend processes at widely different times, without regard to a given cell's position in the ganglion. Postganglionic axons appear as early as day 12 of gestation (E12), when only a small number of ganglion cells have emerged from the mitotic cycle. The axon generally originates from a point on the ganglion cell body that is oriented toward the route of subsequent axon extension. As the postganglionic axons grow, they do not branch within the superior cervical ganglion and branch only to a slight extent, if at all, within developing peripheral nerves. Axonal growth is rapid, and fibers reach relatively remote sympathetic targets as early as El5 Dendrites first appear on El4 and are elaborated by ganglion cells that have already extended their axons. By the end of gestation, the number of primary dendrites found on some cells already falls within the range found in maturity.
Because neural development is often difficult to follow within the central nervous system, many investigations have focused on simpler peripheral systems such as the neuromuscular junction or autonomic ganglia. In mammals, the paravertebral chain of sympathetic ganglia has been particularly well studied. This system comprises a series of segmental ganglia whose preganglionic innervation arises from the spinal cord. Not only do the sympathetic ganglia contain relatively small numbers and few types of cells but, in maturity, the synapses formed upon the principal neurons are organ-ized according to well defined rules (Nji and Purves, 1977a; Lichtman et al., 1979; Purves and Lichtman, 1983) .
Little is known about the developmental events that underlie this adult organization. In particular, the initial stages of sympathetic ganglion cell maturation and synapse formation remain largely unexplored. This series of studies examines prenatal development in the rat superior cervical ganglion. The present report demonstrates that even as neurons of the superior cervical ganglion coalesce, they extend axons to peripheral targets and soon afterward elaborate dendrites. The following papers (Rubin, 1985a, b) show that, simultaneously, a specific set of presynaptic axons grows into the ganglion and forms functional synapses. Thus, by birth, the ganglion is well developed in several respects, and substantial and appropriate synaptic connections have already formed. The timing of these events suggests possible mechanisms for establishing neural organization in the sympathetic system. Some of these results have been briefly reported (Rubin, 1982) .
Materials and Methods
Preparation of fetal rats. Sprague-Dawley (Holtzman) rats were bred by olacina individual males toaether overniaht with three females. Sperm-positive iemale' found the next morning were considered to be in day 6 of g&station (EO): these rats aenerallv aave birth early on E22 (= PO). The rate of fetal beielopment maiched the-&ages described by Chiistie (i964). Pregnant rats were killed by cervical dislocation and fetuses were rapidly removed from the uterus and extraembryonic membranes. For experiments with living tissue, the fetuses were placed in a bath of oxygenated Ringer's solution at room temperature (Lichtman and Purves, 1980) . Under these conditions, animals up to El6 could be maintained in good condition for as long as 10 hr (see below).
Light microscopy. The overall development of the sympathetic system was followed from El 1 through E16. Sagittal reconstructions were made with a camera lucida, using silver-stained paraffin sections (Levi-Montalcini, 1949) . The proliferation of cells in the right sympathetic chain was studied at the level of specific spinal segments by using each cervical and the first thoracic dorsal root ganglia as landmarks.
Paraffin sections were cut at a thickness of 5 pm in a plane generally transverse to the cervical axis and then were stained with thionin. Since the cervical region is flexed in the fetus, some of these sections were shifted from the true transverse orientation; therefore, the angle of section was taken into account in selecting sections that actually passed through defined segmental levels of the sympathetic system. For each cervical and thoracic level in a given fetus, several sections separated by at least 25 pm were examined at X 625. Cell nuclei within the sympathetic system were counted, and the average number of nuclei per cross-section was obtained for each segment. Such counts from three different animals were combined to bbtain the mean number of cells per cross-section at a given segmental level on each day between El2 and E14. Mean nuclear diameter only increases from 4.5 to 5.0 pm during this period; therefore, counts per cross-section have been compared without correction. Mitotic cells were also counted in these preparations.
Horseradish paroxidase labeling. The morphology of developing ganglion cells was determined on El2 by silver staining (see above). Cells on El3 and beyond were labeled with horseradish peroxidase (HRP; Sigma type Vi) in isolated fetuses maintained in vitro as described above (see also Landmesser, 1978) . Removing the lower jaw, heart, and lungs revealed the right dorsal aorta and aortic arches (El3 fetuses) or the common carotid artery (beyond E14; Barry, 1951) . The superior cervical ganglion was cleaned by removing these vessels; the stellate ganglion was exposed by peeling away the pleural membrane at upper thoracic levels. Pressure rn]ectrons of a 40% solutron of HRP in 1% lysolecrthrn (Frank et al., 1980) In rapidly fixed gelatin-albumn (Bowers and Zrgmond, 1979) and sectioned at 50 pm on a Vibratome. The HRP reaction product was developed according to the procedure of Hanker et al. (1977) in 0.1 M phosphate buffer (pH 7.3) with a lo-mm preincubation and a 7-to lo-min reaction period in the presence of 0.03% H202. The sections were mounted on gelatin-albumn-coated slides freshly dipped in an alcoholic gelatin solution (Albrecht, 1954 
Results
The formation of the cervical sympathetic system. Sympathetic precursor cells first appear in the cervical region on day 12 of Figure 7 . The cervical sympathetrc system on El2 (sagittal view; reconstructed from silverstained sections). At this age, the cervical component of the sympathetic system (arrows) IS a uniform column of cells and fibers whrch lies along the dorsal aorta (DA). The sympathetic cells are diffusely organized in comparison to other neural crest-related tissues in the region, such as the nodose ganglion (N) and the nearby dorsal root ganglia. However, a rudimentary postganglionic nerve (the internal carotid nerve) is already present (rostra1 to upper arrow; see Fig. 7 ). Histological views of the El2 sympathetic system are shown in Figure 3 THORACIC CERVICAL Figure 2 . The appearance of the paravertebral sympathetic system on EiO/l 1 (transverse sections). A, In the upper thoracic region, cells have begun to accumulate along the aorta In the characteristic position of the sympathetic chain (arrow). /3, In contrast, at cervical levels, very few cells have reached the corresponding site (arrow). The sequence in which the cervical and thoracic components of the sympathetic system appear does not conform to the general rostral-to-caudal progression of development (see "Discussion"). A, aorta; G, lumen of gut; S, spinal cord. gestation (E12) as a uniform column along the dorsal aorta at all cervical levels ( Fig. 1) . One day earlier (ElO/l l), similar cells are found along the aorta only at thoracic levels ( Fig. 2) , indicating that cells of the cervical sympathetic system reach their general destination later than cells of the thoracic component. Between El2 and E14, cells accumulate adjacent to cervical segments 1 to 5 (Cl to C5), forming the primitive superior cervical ganglion (Fig. 3) . Cells remain scarce at slightly more caudal cervical levels, creating a narrow region which later becomes filled with axons (the cervical sympathetic trunk). Further caudally, the stellate ganglion forms at the lowest cervical and upper thoracic levels. This progressive change in cell distribution can be followed by counting cells adjacent to each cervical segment as a function of time (Fig. 4) .
The accumulation of cells to form the superior cervical and stellate ganglia reflects enhanced proliferation in these sites. Although the cervical sympathetic system shows a high overall frequency of mitosis on E14, the mitotic index is-especially high at upper and lower cervical levels ( Fig. 5 ; see also Fig. 3 ). In contrast very little proliferation occurs at the level of C6. As the cervical and upper thoracic ganglia accumulate cells, the cervical sympathetic trunk elongates in conjunction with the growing fetus, presumably by the growth of the axons within the trunk; however, the superior cervical ganglion itself does not lengthen proportionately. On El4 the ganglion extends from Cl to C5, whereas on El6 it only spans segments Cl to C3 (Fig. 6 ). This apparent shrinkage actually reflects about a 20% elongation of the ganglion, whereas the overall distance between Cl and C6 more than doubles between El4 and E16. The small change of length of the superior cervical ganglion indicates that the cells generated in this region aggregate rather than disperse along the lengthening cervical sympathetic trunk.
On E14, some cells remain scattered between the emerging superior cervical and stellate ganglia (Fig. 4) ; evidence presented below shows that many of these cells are neurons. As the ganglia consolidate and the cervical sympathetic trunk becomes distinct, such cells sometimes form small aggregates along the trunk. These clusters apparently result from irregularities in the proliferation and/ or coalescence of the ganglion cells initially found in the trunk, and probably give rise to the accessory ganglia found along the cervical sympathetic trunk in some mammals (Douglas et al., 1960) . However, accessory ganglia occur infrequently in the mature rat, and, indeed, by E20 the cervical trunk is dominated by axons and largely free of cells. Electron microscopy showed that many of the cells remaining in the trunk on E20 have begun to ensheath axons and thus appear to be young Schwann cells. Other cells in the trunk at cells are found at levels C6 and C2. Between El2 and E14, however, the number of cells at level C6 does not increase as at C2 and may actually decrease. Electron microscopy of comparable material on El4 shows that the apparently empty spaces surrounding the cells at level C6 are filled with longitudinally oriented axons (see Rubin, 19&a) . By E14, a drstrnct penneunum (P) surrounds the sympathetic system. A, aorta (the forerunner of the common carotid artery (CC); Barry, 1951) ; NP, neuropil. Calibration bar applres to all panels.
Segmental level Figure 4 . The distribution of sympathetic cells in the cervical region. C7 to T7 are levels of the sympathetic system defined by the location of dorsal root ganglia. Each point is the mean value +-SEM from three animals at each age (see "Materials and Methods").
Between El 2 and El 4, the number of cells increases markedly at levels Cl to C4 and below C7, the sites of the superior cervical and stellate ganglia, respectively.
At C6 the cell number is stable or somewhat reduced (see also Fig. 3 ). Cl  C2  C3  C4  C5  C6  C7 C8 TI Segmental level Figure 5 . Mitotic frequency along the cervical sympathetic system on El2 and E14. Cells were counted as in Figure 4 . Each point represents the mean frequency f SEM in a population of at least 160 cells, pooled from three animals at each age. Cells proliferate most vigorously in the sites of the future ganglia and minimally in the region of the emerging cervical sympathetic trunk (around segment C6).
this age are probably Schwann cell precursors, which proliferate primarily after birth (Terry et al., 1974) .
The apparent prenatal loss of neurons from the cervical sympathetic trunk could reflect either cell death or cell migration out of this nerve. However, there was no clear evidence of degeneration in the cervical sympathetic system at either the light or the electron microscopic levels before E20, the period of cell depletion (cf. Wright et al., 1983) . Furthermore, a distinct perineurium surrounds the cervical trunk after E14; in the electron microscope, no cells could be seen crossing this sheath at any segmental level. Simple dilution of neurons within the increased bulk of the cervical trunk may also contribute to the apparent loss of these cells, but other evidence suggests that some neurons leave the trunk by moving longitudinally within it, into the adjoining ganglia (see "Discussion").
The growth of axons from superior cervical ganglion cells. Some ganglion cells in the cervical region have already extended processes by El2 (Fig. 7) . Silver staining showed that only one process arises from a given cell at this age; otherwise the soma is smooth. The neurites of many cells end within the ganglion on E12, but some cells already bear long fibers that generally follow linear courses and resemble postganglionic axons. Their identification as axons was confirmed by the finding that some of these fibers already extend beyond the ganglion on El 2 and have begun to form postganglionic nerves (Fig. 7) . Ganglion cells thus seem to develop axons before other processes, and some cells begin this growth by the time they reach the cervical region. Developing ganglion cells were also studied using the marker HRP to provide Golgi-like staining of cell bodies and their processes (see "Materials and Methods"). Ganglia could first be injected with HRP on E13; at this age, such staining showed that ganglion cells closely resemble the cells stained with silver on El2 ( Fig. 8; cf. Fig.  7) . Even on E13, neuronal somata bear no processes other than the axon and occasional small protrusions opposite the axonal origin.
The direction of axon extension varies as a function of the longitudinal position of cells in the ganglion (Fig. 9) . On E14, HRP injected into the most rostra1 portion of the superior cervical ganglion labeled many rostrally projecting neurons. Most of these cells were clustered near the injection site, although labeled neurons could be found throughout the ganglion and occasionally in the primitive cervical sympathetic trunk. In nearly all cases, rostrally projecting cells extend their axons directly -from the rostra1 side of the soma ( Fig. 8; see also Fig. 13) ; axons emerging from other somatic sites turn rostrally within one or two cell body diameters (Fig. 7C) . In contrast, when HRP injections were placed in the caudal pole of the ganglion on E14, a different population of cells and their axons were filled. These cells, few in number, occur predominantly in the caudal (Purves, 1975; Bowers and Zrgmond, 1979) .
Further labeling experiments showed that many of the cells still occupying the cervrcal sympathetic trunk on El4 are neurons. These cells project rostrally or caudally in about equal numbers; their axons traverse the cervrcal trunk to enter the superior cervical or stellate ganglia and then join postganglionic nerves. In maturity, ceils with such projections are rarely found within the trunk but, instead, are concentrated in the zones where the trunk enters the superior cervical or stellate ganglia (Bowers and Zigmond, 1981) .
The development of peripheral projections. The axons of most superior cervical ganglion cells extend rostrally (Fig. 9) and emerge from the rostra1 pole of the ganglion to grow along the major branches of the carotid artery, establishing the internal and external carotid nerves. The number of postganglronrc axons rapidly increases: on El2 the Internal carotid nerve has only begun to form (Fig. 7) but by El5 this nerve contains about 5000 axon profiles (counted with the electron mrcroscope, just distal to the superior cervical gangiron). As seen in the lrght microscope, postganglionic axons do not appear to branch within the ganglion or within peripheral nerves (shown, respectively, by retrograde and orthograde HRP labeling). Consistent with thus observation, the endings of fetal postganglionic axons within peripheral nerves are generally straight; the processes of the growing tips show little deviation away from the dominant direction of axon growth (Fig. 10) . Indeed, most growing axons appear to pass through peripheral nerves parallel to and in very close contact w&h previously extended postganglionic fibers (Frg. 11). In contrast, the tips of postganglionic fibers that diverge from peripheral nerves give off widely radiating processes within the mesenchyme of the head (Fig. 10) . As the postganglionic axons grow into the periphery, their route shifts from arterial branches to cranial nerves. The pathways taken by the postganglionic axons seem organized according to the adult projection from the outset; for example, even the first postganglionic fibers to reach the lacrimal gland emerge from the superior cervical ganglion in the internal carotid nerve, transfer to the facial nerve near the geniculate ganglion, and follow a branch of this nerve into the orbit (Fig. 12) . Labeled postganglionic fibers could be traced to the lacrimal gland as early as E15, indicating rapid outgrowth of these axons from the superior cervical ganglion, The timing of this growth was confirmed by retrograde labeling from postganglionic targets. No labeled cells were found in the superior cervical ganglion following injections of HRP into the eye on El4 (8 to IO hr survival); however, similar injections on El 5 labeled a small number of cells, primarily in the rostra1 half of the ganglion. Older fetuses could not be adequately examined using in vitro injections (see "Materials and Methods"), but on the day of birth, injection of HRP into the eye of intact pups (24 hr survival) labeled numerous superior cervical ganglion cells, again localized to the rostra1 pan of the ganglion. Since postganglionic fibers have reached targets as far away as the eye by E15, more proximal end organs (e.g., smooth muscle of the carotid arteries) probably receive postganglionic projections even earlier.
Dendritic development in the superior cervical ganglion. Cells on El3 are essentially smooth, except for the points where axons emerge (Fig. 8) . By E14, however, many ganglion cells bear a number of processes in addition to their axons (Fig. 13) . The longer of these processes are presumably young dendrites. The dendrites emerge in no particular spatial relationship to a cell's axon, although sometimes a dendrite and axon stem from a common process. Even on E14, the dendrites of fetal ganglion cells differ from postganglionic axons in that they become narrow close to the cell body, follow irregular trajectories, and branch frequently. By birth, dendrites showing the close association of postganglionic axons on El5 (transverse section of the internal carotid nerve). Little extracellular material intervenes between these fibers. Expanded profiles (arising from axons, arrows) with filaments, tubular inclusions (T), and apparent filopodia (F) may correspond to presumed growth cones seen at the light microscopic level ( Fig. 10; see Tennyson, 1970) .
have emerged from nearly all of the ganglion cells that could be axons but show little dendritic development. This finding indicates retrogradely labeled with HRP from the base of the internal carotid that neuronal maturation is asynchronous in the ganglion. nerve. The most mature neonatal cells (those cells with proximal Maturation of cells as a function of their position within the dendrites of the caliber illustrated in Fig. 13 ; PO) possess from 3 to gang/ion. To judge from the criteria of mitotic rate and time of axon 10 primary dendrites. However, some neurons in the neonatal and dendrite initiation, there is no obvious gradient of neuronal ganglion apparently are still very immature, as occasional cells at development within the superior cervical ganglion. As cells coalesce, this age resemble cells typical of El2 to E14; that is, they possess a relative enhancement of mitotic rate occurs at the level of C2 and
The Journal of Neuroscience El5 SCG Figure 72 . Growth of postganglionic axons into peripheral tissues, as shown by orthograde labeling from the superior cervical ganglion on E15. Camera lucida reconstruction in the sagittal plane. Labeled axons pass from the superior cervical ganglion (SCG) into the internal carotid nerve (ICN), and finally into a branch of the facial nerve distal to the geniculate ganglion (VII). The labeled fibers ramify within glandular tissue of the orbit. UC, inferior lobe of the lacrimal gland; OR, orbit; OT, otic vesicle; T, tongue; V, trigeminal ganglion.
C3, but this longitudinal difference within the ganglion is small compared to the dramatically different rates of proliferation seen between ganglionic and non-ganglionic portions of the sympathetic system (see Fig. 5 ). Mitotic activity within the ganglion also appears to be evenly distributed in the transverse axis. In accord with this uniform pattern of cell generation, neurons at the same stage of dendritic development can be found throughout the ganglion at any given age. Thus, when dendrites first appear (E14), they are found on cells spread widely across the ganglion. Other cells initiate dendrites only at the end of fetal development (see "Dendritic Development in the Superior Cervical Ganglion"); these cells, too are found in all regions of the ganglion.
Discussion
The small size of the fetal rat sympathetic system allows HRP to be used to study the development of both axonal projections and dendritic morphology (see also Rubin, 1985a) . The information derived from such experiments, as well as the results of more conventional anatomical procedures, clarify some of the early developmental events in the sympathetic system.
The source of superior cervical ganglion cells. The precursors of sympathetic ganglion cells originate in the neural crest (reviewed by LeDouarin, 1982 ). The present study shows that sympathetic precursor cells in the rat first reach paravertebral sites between El0 and El 1 ( Fig. 2 ; see also Cochard et al., 1979) .
Cells of the neural crest migrate and differentiate in a generally rostral-caudal sequence (LeDouarin, 1982) . However, in the rat the sympathetic system first forms at upper thoracic rather than cervical levels; the cervical component appears a day later as a meager and diffusely organized structure ( Figs. 1 and 2 ; see also Mihalik, 1940; Lutz, 1968; Fernholm, 1971) . The delayed appearance of the cervical sympathetic system could be due to a retarded ventral migration of the cervical neural crest, but on El 1, nearby structures such as the cervical dorsal root ganglia and the nodose ganglion (which arise in whole and in part, respectively, from cervical neural crest; D'AmicoMartel and Noden, 1983) have already formed. A more reasonable explanation for the delay in cervical sympathetic development is that the ganglion cells of this region originate from a non-cervical source. Given its proximity and earlier appearance, the upper thoracic sympathetic chain (derived from trunk crest; Weston, 1963) is the most probable source of these cells. Apparently, the precursors of cervical sympathetic cells originate in trunk crest, transiently occupy thoracic paravertebral sites, and then move longitudinally into the cervical region.
Longitudinal movement in the developing sympathetic system is indicated by other evidence as well. In the chick, some cells of the neural crest settle in sympathetic ganglia several segments away from their level of origin (Yip, 1983) . Furthermore, cells of the chick sympathetic system migrate up to six segments rostrally or caudally to fill in deletions caused by partial ablation of the neural crest (Hammond and Yntema, 1947) . Finally, some experiments in the chick seem specifically to indicate that cells of the superior cervical ganglion derive from more caudal levels of the neural crest, although gross morphogenetic movements in the embryo may also contribute to this apparent displacement (LeDouarin, 1982) .
Proliferation and aggregation of ganglion cells. Starting from a narrow column of cells on E12, the cervical sympathetic system grows rapidly. Localized mitotic activity creates concentrations of cells that become the superior cervical and stellate ganglia (Fig. 5) . The persistently low mitotic index around the level of C6 accentuates the separation between the ganglia developing above and below this level. It is likely that most of the cell division seen in the ganglion between El2 and El4 occurs among neuronal rather than glial precursors (Terry et al., 1974; Hendry, 1977) . Thus, the distribution of ganglion cells in the sympathetic chain seems based at least in part upon an early regional enhancement of neuronal proliferation (see also Altman and Bayer, 1982) .
The accumulation of superior cervical ganglion cells may be augmented by aggregation, since cells in the developing ganglion remain close together as the sympathetic system lengthens. At the same time, the ganglion appears to incorporate some neurons initially occupying the cervical sympathetic trunk. On E14, the postganglionic axons projecting through the cervical trunk originate from cells that lie all along this nerve, whereas in maturity such projections arise from cells that are concentrated in the ganglionic regions at either end of the trunk (Bowers and Zigmond, 1981) .
Dispersed pattern of ganglion cell maturation. Mitotic activity is not enhanced in any particular portion of the developing superior cervical ganglion, nor do cells in any one region of the ganglion begin to produce axons or dendrites ahead of cells in other regions. Furthermore, cells in various stages of development may be found near one another at any given age. These findings are consistent with a spatially as well as temporally diffuse pattern of ganglion cell production and maturation (cf. Hendry, 1977; Claude et al., 1982) . Cells retain their relative positions between El4 and maturity ( Fig. 9 ; cf. Purves, 1975; Bowers and Zigmond, 1979) ; thus, simply based on the pattern of cell development, it seems unlikely that any one portion of the ganglion might be preferred over another as a site for synapse formation by preganglionic axons. Indeed, given that the specificity of ganglionic synapses in maturity is largely independent of neuronal position within the ganglion (NjH and Purves, 1977a; Lichtman et al., 1979; Purves and Wigston, 1983) , the present results also appear to rule out the possibility that specific innervation derives from an early topographic pattern in the ganglion that is obscured by later development. Rather, a mechanism unrelated to cell position within the ganglion probably promotes the formation of appropriate connections (Rubin, 1985a, b) . Similar mechanisms may account as well for accurate regeneration in the adult sympathetic system (Nja and Purves, 1977b Purves, , 1978 .
Axonal outgrowth from superior cervical ganglion cells. Some ganglion cells elaborate axons as early as El2 (Fig. 7) about the time when the first cells leave the mitotic cycle (Claude et al., 1982) . Additionally, the number of postganglionic axons in the internal carotid nerve rises sharply around E1.5, close to the time when the bulk of ganglion cells are generated (P. Claude, personal communication). These findings suggest that axon extension begins soon after a ganglion cell leaves the mitotic cycle. Some cells seem to extend their axons only near the end of gestation, consistent with the observation that a low level of proliferation still occurs at this age (Hendry, 1977) . Few, if any, preganglionic fibers are present when the first ganglion cell axons appear (Rubin, 1985a) , and thus are not likely to influence the initial stages of postganglionic outgrowth.
Axons from the superior cervical ganglion reach relatively remote destinations by El5 or El6 (Fig. 12) . This demonstrably rapid outgrowth stands in contrast to previous estimates based on the detection of postganglionic fibers using formaldehyde-induced catecholamine fluorescence. Such studies (see, for example, De Champlain et al., 1970) have consistently reported the first adrenergic fibers in sympathetic targets of the rat near the end of gestation or early in postnatal life. The adrenergic phenotype begins to develop around El2 (Cochard et al., 1979; Teitelman et al., 1979) at the same time that ganglion cell axons emerge; thus, growing postganglionic axons may contain levels of catecholamines below the sensitivity of the fluorescence assay. The arrival of postganglionic axons in the periphery days earlier than previously estimated also suggests that trophic interactions between ganglion cells and their targets may begin at a correspondingly early time.
Several observations indicate that the growth of the postganglionic axon is closely regulated. First, both early and late in gestation, ganglion cells possess only a single axon. Second, the point of axon emergence from the cell body usually coincides with the direction of subsequent axon extension. Third, axons do not appear to branch within the ganglion and, even at early times, project out a single major postganglionic nerve, suggesting that axons leave the ganglion without collateral exploration of alternative pathways. In fact, little ramification was seen anywhere along the peripheral course of the fetal postganglionic fibers, consistent with the linear orientation of the growing axon tip (Fig. IO) and the tendency for fibers to employ other axons as a substrate for growth (Fig. 11) . Finally, the present study indicates that the earliest axons to reach targets in the head follow appropriate peripheral pathways; thus, it is likely that postganglionic projections develop along adult lines from the outset (see also Landmesser and Pilar, 1972; Noden, 1980; Honig, 1982) . The guidance of the first axons to their end-organs is not understood, although it is of interest to note that remote peripheral targets in the adult are first contacted by axons growing over relatively short distances in the fetus. These initial projections are no doubt main-
